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EFFECT OF CATALYSTS.AND pH ON STRENGTH OF RESIN-BONDED PLYWOOD

By G. M. Kline, F. W, Reinhart, R. C. Rinker, and N. J. De Lollis
SUMMARY

The effects of varlous catalysts used to cure the resinous adhesives
on the strength properties of plywcod was investigated, particulari;with
regerd to the degres of mcldity developed by the catalysts in the resin
film and in the plywood. The flexural, impasct, and shear strengths, both
initially and after aging, of bilrch plywcods bonded with ursa—formaldehyde
and phenol—-formaldehyde  reeins definitely decrease as the acidity of the
plywood Increases, as evidenced by a decrease in pE. Only in the case
of plywood bonded wlth caseln and urea-formaldehyde resins had the dete~—
rioration at the bond prcgressed sufficiently in the roof-sging tests to
meke it impossible to carry out strength tests because of delamination.

A correlation between decrease in strength on aging of plywocd bonded

with alkall-catalyzed phenolic acid and increase in alkalinity of the
panel was observed. Because of the different ebsorpticn capacities of

the phenolic rees ns for acids and alkalies, it is not possible to pre—
dict the pH of the plywcod panel from the pH of the resin film.

The susceptibility of birch wood, itself, to attack by acids and
alkalies was determined in order better to understard the mechanism of
the deterioration of resin-bonded plywced. A marked decrease in strength
cccurred when the pE of the wood wes lowered below 2.0. In the range
between pH 2.0 and 2.5, strong acids, such as hydrochloric and sulfuric,
had a more pronounced deteriorasting effect than weak acids, such as
hypophosphorous and nitrenilic., A merked decrease in strength cf the
birch also occurred when the pH was raised to 8.8 by the absorption of
an alkalil, tetrasthanolemmoniuvm hydroxide.

INTRODUCTION

The increased use of resin-bonded plywood for structural parts of
alrcraft has made 1t nscessary to determine the effect of various chemi—-
cal properties of the resins on the strength propertiss of the resin
bonds. Informetion of this nature is needed to utilize the materilals
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properly 1n building satisfactery alrcraft and to evaluate the causes of
failure. Determination of the effect of. acid and alkaline catalyste on
the strergth and eging propertles of various types of resin bende is one
important phase of thie work. This report presents the results cf an
investigation which was made to determins these relaticnships. Some of
the dabta obteined in the early stages of the work were included in a
preliminary report issued in 1943 (reference 1).

The degree of aclidity or hydrogen loa concentration cen convenlently
be reported as a pH value which spproximately is the logarithm of the
recivprocal of the gram ionic hydregen equlvalents per liter; thet is,

PH = log l/H+ per liter. Water has a concentration of H' ion of 1077

and of OE™ iom of 10”7 moles per litsr or a pH value of 7, and 1s said
to be neutral in reaction. The vpresence of ar acld in a water zolution
increases the concentration of hydrogen lons. Hence the concentration
of hydrogen ilons in an acid solution becomes 10~ % or 1075 or greater,
and the pH value 1s less than 7. The presence of an alkali in a water
solution increases the concentraticn of hydroxyl lons and decreadss

that of the hydrogen ions. Herce the concentratlion of hydrogen icns in

an alkaline solution becomes 10~ %, 1079, or less, and the pH value is

greater than 7. The product of the hydrcgen ion concentration and the

hydroxyl ion concentration is always equal to 1071% in aquecue medium
at 25° C. The pE value has been usad throughout this report to iIndicate
the degree of acldity of the verious specimens.

The two most commonly used types of bcnding agentes in the menufac—
ture of resin-bconded plywood are the phenol—-formsldehyde ard the urea—
formaldehyde resins. Both tynes sre cured either by the "hot-set” or
the "cold-set” method. Since the demarcation bstween cold-set arnd hot--
set bonding resine has not been definitely established in the indusiry,
the resins used in this project were clessified acccrding to the tem—
verature requlired to cure the resin in a commerclally practical pericd
of time, as follows:

Clese R, These resins do not require a higher degrse of heat
for curirng than that avallable at ordinary rocm
or factory conditicns.

Class M. These rvesine require a degres of heat greater then
that available at rocm or factory conditions, but
not over 160° ¥ (71° ¢).

Class H., These resins require a tempcrature greater then
160° * (71° ¢).

In order to obtain a satisfactory degree of cure of class R and
some class M resins, it is necessary with most of the commercilel resins
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t0 use very active catalysts, One of the most amctive catalysts for curing
these types of resins is the hydrogen ion which is usually expressed In
terms of pH wunits when the concentration is less than one molar.

It is ean established fact that wood detsriorates repldly in acildic
medla. It is slso known that wrea—formaldehyde resins are not so re—
sistant to acid conditlons as are phenolic resins (gee references 2 to
7). The work reported herein was designed to determins the effects of
various catelysts and the pH of the resin bond on the strength proper—
tles of the resin wood composite since the failures may be in the resin,
in the wood, or in both resin and wocd. It should be noted, however,
that the acid conditions in. the resin-bonded birch pansle tested are
attributable to the ingredlents in the resin—glue mixtures and not to ths
wocd or eny exitrsneocus source.

This Investigation, conducted at the National Bureau of Standards,
wes sponsored by and conducted with the financial assistance of the
National Advisory Committee for Asronautics.

The authors wish to acknowledge the assistance given by Mr. B. M.
Axilrod, Miss M. C. Fordney, Mrs. M. S. Zeller, Miss D. C. Caudill, and
Miss N. W, Rucker in supplying some of the data herein reporied.

MATERTALS

A grcup of adhesives which are being used to a great extent in the
ranufacture of resin-bonded plywcod aircraft was selected for this werk.
These included urea—fcrmaldehyde, phenol-formaldehyde, resorcinol—
formaldehyde, furane, and unsaturated polyester resins and casein, The
ccmmercial designations and the menufacturers of the resins, and the
classification of the various reains and resin—catalyst mixtures on the
bagls of the temperature required for curing, are glven in tebls IL.

Birch wcod was used in the tests because it is the type most com—
monly employed in the menufacture of sircraft grade plywcod in this
country. Other woods were not investigated inessmuch as the primsry
objective of the investigation was the study of deterioretive effects
characteristic of various resin—catalyst systems.

The test panels were made with sliced birch veneers cerefully se—
leocted for straightness of grain and having an average thickness of 0.01
inch. The thin veneers were used to cbtain a higher resin content than
that ncrmally used in aircraft plywocd. Since the acidic conditions re—
sult from the resin, a high resin content would be expected to magnify
the effect of the pH on the strength properties of the ccmposite.
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Por the tests of. the effect cf the catalysts on the wood alcnse,
gliced birch vensers 0.1 inch In thickness and speclelly selected for
straightness of graln were used.

PFEPARATION OF TEST PANELS

The reesin glues were prepared according to directions received from
the menufacturers and were applied to the birch veneers by means of roll-
ers. This method produced resin films of uniform thickness cn both sildes
of the veneers. The vencers ccated with the class E resine were suepend-
ed frcm a drying rack and allowed to dry about 20 hours before assembling
and pressing. The veneers coeted with the class R and class M resins
wore assembled and pressed immediately after coating. Each panel ccn—
gisted of 8 birch veneers arranged with the grain of plies 1, 3, 6, and
8 parallel to one another and with the grain of plies 2, 4, 5, and 7
perpendicular to the face plilss.

In the early stages of the Investligation the test penels were presssd
gt approximately 100 pounde per sguare inch, but this produced penels var-—
yirg congiderably in thickress and density. In crder to obtain more uni-
form panels, stops 9 by 1 inch for use between the press platens were
ground to s thickness of 0.075 * 0,001 inch ard +the platens were ground
to a flatnese of 0.000]1 inch, A load of 10 tcne wes applied to the
platens.

The birch veneers used 1n each panel were ccnditioned by storege

at 77° F (25° C) and 50 percont relative humidity, and were welghed be—
fore the resin coating wes applied. The completed test pansl was also
conditioned and weighed. The resin content of the test panel was then
calculated by means of the following equation:

Resin content in percent

- Weight of test panel — Weight of conditioned veneers
Weight of test panel

¥ 100

Three panel were propared wlth each resin or resin-catalyst mixture.
The conditlons used to cure the panels, the average densities, and the
average resin contents are given in table I.
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TESTING PROCEDURES

Aglng

Each test panel was cut into querters and treated as follows:
1. One querter section was not subjected to any esging treatment.

2. One guarter section was exposed continuously in Washington,
D. C., (on the roof of the Industrisl Building, National
Burean of Stendards) on racks at an engle of 45° facing
agouth for 1 year unlese otherwise noted.

3. One querter sectiocn was heated in a forced—draft oven at
176° ¥ (80° C) for 40 hours.
L, One quarter section was subjected to a contlinuous oven—fog

cyclic accelerated aging test. The cycle 1n this test
ccnsleted of the following:

Exposurs - Relative

Pericd Tempersaturse Fumidity
_(br) (cF) (¢ C) (percent) Apperatus
2 77 25 100 Fog cabinet
) 9 65 5 Forced—draft oven
2 17 25 100 Fcg cebiret
18 149 65 - 5 Forced—draft oven

The sections were exposed for a total of 200 hours in the oven and 40
hours in the fog cebinet.

This letter test is a modificatlion of the accelesrated weathering
test described in Federal Specification I—P-406a, Method No. 6021, Heat—
ing in an oven at 149° F (65° C) was substituted for the irradiation un—
der the sun lemp prescribed in Method No. 6021 because the effsct of the
ultraviolet light would be expected to be negligible in the breakdown
of the resin layer in plywocd. The temperature to which the specimens
are exposed is espproximately 149° F (65° C) in both tests. The data
in teble IT show that the decreases in flexural strength resulting from
exposure of plywood specimens to the two tests, respectlively, are practi—
cally identical.
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Determination of pH

A thin f1lm of the reesins of class R and claes M was cast on glass
and allowed to dry for 20 hours at a temperature of TO° to 79° F (21° to
26° C). The resin film was then removed from the glass and ground to a
fineness of 40 mesh. Two grames of the powdered resin were suspended in
10 milliliters of distilled water and the pH of the suspension was msas-
ure by meane of a glass electrode after 15 minutes, and after 2k, 48, T2,
and 96 hours, or until the values were constant to within 0.C5 pH unit.

Filme were prepared from the class H resins by casting them upon &
glass plate, using a knife blade to remove excese resin and make the
thickness of the ceating 0.02 inch or: less. The cast films were placed
in a circulating air oven at 149° F (65° C) until exemination showed
that most of the solvent had evaporated; this process required about 4
hours except in the cese of Plaskon 107, which was cured after 3 hours

at 149° F (65° C) and was not subjected to any further heeting. This
drying was followed by a cure in the oven at 300 F (lh9 ¢) until the
£ilms were hard and brittle, the latter operation requiring about 30
minutes., The hard, brittle Films were pulverized 1in & small rock-crush-
ing mortar and passed through a 4O0-meeh screen. The pH values of ths
powdered films wore measured In the seme menner as those of the class R
and the class M films,

The acidity of the test panels was determined by grinding a
portion of the venel to 40 mesh in a Wiley mill and suspending 1 grem
of the powder in 5 milliliters of distilled water. The pH wvalues of
the water suepensions were usually constant after 48 hours.

The pH of the distilled water used in msking the resin suspensions
wes 6.3. A few of the resin films and powered panels were also suspended
in dilute hydrochloric scid solution of pH %k.5. The pH values of the
acld suspensicns ere reported In table IT and do not differ asppreclably
from those of the water suspensilons, All the pH measurements were made
at a temperature of 77° F (25° C) with a glass electrode. The measure—
ments reported are accurate to 0,05 pH unit.

Strength Properties

The test specimens for determining the strength properties were
cut from the quarter sections after the aging tgeatments The specimens
were machined end then conditicned at 77° F (25° C) and 50 percent re—
lative humidity for at least 48 hours prior to testing. All the tests
were made at T7° F (250 C) end 50 percent relative humidity.

The flexursal modulus of elasticity was measured on an Olsen Stiffness
Tester, Tour-Marshaell design. Specimens 5 inches long and 0.5 inch wide
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were cut from the psnels. Two measurements were made on each spscimen,
one on each end. The test span was 2 inches long; the total bending
moment applied to the specimen was 3 incu-pounds. The angular deflections
were plotted against the bending moments and the deflection at a stress

of 2500 pounds per square inch was determined from the curve. This stress
wes selected because the plots for all the semples were essentially
straight lines up to that stress. The secant modulus of elasticity in
Tlexure then was calculated from tlie approximate expression

- a
E = £29.2 %L | (l)
Dah”

wkere

E modulus‘of'elasticity in flexure
g load

L length of beam

D deflection, degrees

é " width of beam

. h thickness of beam

'This expression was derived from the formula for. the deflection of a can-
tilever beam with a concentrated load at one end.

The. flexural strength was measured on specimens 1.0 inch long and
0,75 inch wide cutb from the penels. The specimen was supported on two
parallel supports with a .span of 5/8 inch, The load was applied at the
center of the span by a pressure piece similar to the supporta. The
edges of the support pieces and of the pressure plece were rounded tc
1/8-inch radius, The teats wore made on & hydraulic testing machine
with a head speed of 0.05 inch mper minute. The machine was accurate to 2
percent of the lowest apnlied load. The flexural strength or medulus of
runture is calculated from the expression

F = SEL . (2)

2ahn’

where F 1s flexural strength and the other symbols have the same slg-
nificance as in equation (1).
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The impact tests were made on sn Izod impact machine of 2 fcot-pounds
capacity. Specimens 2.5 incheslong and 0.5 inch wide were cut frcm the
panels,

The tensile tests were made according to Methcd No. 1011 of Federal
Specification L-P-406. Type 1 specimens were used; the width of the
reduced sectlion was 0.5 Inch. The tests were made on & hydraulic testing
machine with self-elining Templin grips. The rate of head speed was 0.05-
inch per minute.

Shear specimens 4t inches long and 0.75 inch wide were cut frcm the
panels. A groove 1/8 inch wlde and extending through approximately 43
veneers was milled on one face of the panel parallel tc the 0.75-inch
dimension. A similsr groove wes milled on the opposite face. The grocves
on the specimens used in the preliminary tests wers 1/2 inch apert, but,
since meny tensile faillures were obtained, the distance between the grcoves
was reduced to 1/4 inch on the later specimens. The specimens were broken
on a hydraulic testing mechine at a rate of lcading of 200 pounds per
gquare inch per minute.

Delamingtion

One strip 0.5 inch wide cut frcm each guarter section of each teat
penel was subjected to a delamination test. The strips were placed in

individual 3— by 20—centimeter test tubes which ccntalned distilled
water previously heated to the boiling point by immersion of the tubes

in a water bath. The tubes containing the test strips were left In the
bath of boiling water for 1 hour. On removal frcm the test tubes the
specimens were lmmersed In water at 77° ¥ (25° C) for 15 minutes and then
dried at 140° F (60° C) in a forced-draft oven for 22 hours. This pro-—
cedure constltuted one cycle of the test. At the end of each cycle the
test specimens were bent over a mandrel of 8-inch radius. After five
cycles the specimens were bent over a L—inch-radius mandrel. Observations
regerding dslaemination were made.

Density

Density was determined by weighing erd measuring machined srpecimensa.
RESULTS OF TEETS

A preliminary investigation was made tc obtaln data for use in
selecting the strength propertles to be meesursd on ell the test panels.
Six panels were prepared with a phenol—formaldédsehyde reoin (Tego £ilm)
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and six with a urea—formaldehyde resin (Uformite 430 catalyzed with 10
percent ammonium chloride). These two materials were selected to deter—
mine the effects of high and low pE conditions, respectively. Specimens
from each penel were tested uneged and after exposure to three aging
tests. The strength properties medesured in these preliminary tests werse
flexural modulus of elasticity, and flexural, Ilmpact, tensile, and shear
strengths. The changes in these strength properties as a result of ex—
posure to the aging conditions are given in table III.

On the basls of the results obtained in these preliminary tests,
the size of the test specimens required, and an analysls of the stresses
in the various tests, it was decided to employ the flexural, impact, and
shear strengths for detecting the deterioration of the resin-bonded birch
plywoods.

The detalled resulits of these tests are presented in tables IV, V
and VI and figures 5 to 12. The behavior of the materials with respect
to delamination is shown in teble VII. A summary of the effects of the
catalysts on the strength properties of the panels bonded with urea—
formaldehyde and phenol—formaldehyd.e resins is given in ta‘ble VIII.

The specific effects of various acid and basic radicals presen'b in

catalysts used with phenollc resinous adhesives in the prepara:bion of
plywood were determined in a series of tests with known compounds.

Panels were prepared with a resorcinol—formsldehyde resin (Penacolite
G-1131) to which were added verying emounts of hydrochloric, nitric,
sulfuric, phosphoric, hypophosphcorous, trichlorcacstic,benzenesulfoniec,
and nitranilic acids and sodium hydroxide. Titration curves of the
resin with these acids and base are shown in figures 1 to 3. The flexural
streng'bhs of these panels » unaged a.nd. oven—fog—aged ‘exe presented in te—
ble IX.

Similar experiments were performed with two phenol—fomaldehyde
resins. The titration curves obtained for one of these resins (Cascophan
LT-67) with the acids and base asre shown in figures 3 and L, The results
of the strength tests are given in teble X. . '

In a further series of tests to determine the specific effect of the
acid radicals present in commercial catalyste for resimous adhesives, thres
coammercial catalysts were used, respectively, wlth three phenolic resins
to prepare plywood panels. Four panels were prepared with each resin — one
without catalyst, end one with each of the three catalysts, respectlvely.
Only one of the resin—catalyst mixtures failed to cure satisfactorily atb
150° F (66° C). The flexural strengths of these penels were determined
before and after aging. The results of these testec are presented in
table XI. Date ere alsoc given in table XTI for one of the resin—
catalyst mixtures in which the catalyst percentage was varled from 5 to
45 percent.
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Proper Interpretation of the data obtained in these experimente on
the effects of varlous acid ard alkaline catalysts on the strength of
resin—-bonded plywced required information on the effects of these chemicals
on the wood itself. Accordingly, birch veneers of 0,1—inch thickness were
Immersed for 3 days In various concentrstions of the ssme acids end alke—
lies used in the tests with the resins. The resulte of flexural sirength
megsuremente on the conditioned wocod specimens sre shown in table XII.

DISCUSSION OF FESULTS

Tests of Industrial Adhesives

Use of the various commercial resine with their cetalysts selected
for this investigation resulted in pH values for birch plywood ranging
from 1.7 to 8.k. (See table I,) The ranges of pH for the test vpacels
nade from the varlous resins were as follows: Urea—formasldehyde, 1.9
to 5.7; phenol-formaldehyde, 1.7 to 8.4; resorcinoi—formeldehyde, 4.8 to
6.3; end unsaturated polyester resims, 3.2 to 5.7.

The pH values of birch plywood were not affected by mcderste baking
or by exposure to cycles of heat end fog. This indicated that the acildic
compounds determining the pH of the compcsite did not escape readily from
the structure or did not react with the tirch or its deccmpositicn precducts
In such a weythat they lost their chemical ildentity. It would seem rea—
gonable, therefore, to assume that the deterilcraticn caused by pB would
continue until failure occurred.

The results of the 240-hour oven—fog—eaging test are in qualitative
agreement with the results of the l-year roof-aging test. An analysis
of the date indicates that no gquantitatlve statements can be made con-—
cerning the agreement. However, the l—year roof-sging test was usually,
but not =lways, more mevere than the 240-hour oven—fog-aging test.

The effects of pH on the strength of the plywood prepered with the
varlous commsyrclal types of resins can best be reviewed by discussing the
resins in thres groups: urea, phenollc, &nd other resins.

(a) Urea Reeins

The flexural, impasct, and shear sitrengths of the wree—formaldehyde
resin—bonded birch plywood depended merkedly on the pH of ths composite.

This is shown by the data in tables IV, V, and VI and graphically in
figures 5, 6, and 7.
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The failure of the urea~formaldehyde resin-bonded materials in the
delamination test i1s also affectei by the pH of the plywcod. The critical
PH valve in this test appears to be between 3.8 and 4.6 for both the un-
aged and the aged specimens. :

Three of the panels with a low pH delaminated during exposure. This
indicates that the loss in strength on roof aglng can be attributed to
both deterioration of the wood and dsterioration of the resin,

(v} Phenolic Resins

An exemination of the values in teble VIII for the flexural, impact,
and shear strengtns of the phenolic resin—bonded panels shows that the
Presence of acid catalyst causes a decrease in these properties in the
unaged panels in every case. This decrease was notived especially with
the panels prepared with the Catabond resins 5390 and 200-CZ, wherein
concentrated hydrocchloric acid catalysts were wsed. It is well known
that hydrochloric acid has a decidedly deleterious effect on most woods.

Fo fallure of the phenclic resin-bonded composites occurred in the
deleminaticn test. The unaged and laboratory—sged specimens with pH
values of 3.1 or less wers brittle in the final Fflexibility test on the
h—inch mandrel. With one exception, those with pH values of 3.6 or more
were flexible throughout this test.

(c) Other Resins

The remaining adhesives tested, which included resorcinol, furane,
casein, and unsaturated polyester types, produced penels of pH 3.2 or
greater, with the exception of the furane resin panel which had a pH of
2.2. These adhesives d1d not undergo marked deterioration in strength
when subJjected to the laboratory-sging tests. The pronounced reduction
in strength which occurred under roof-sging conditions is attributable
mainiy to deberioration of the uncoated wood. However , the strengths of
the roof-eged panels made with these resins were markedly inferior to
those of the roof-aged panel made with the best phenol—formaldehyde resins.
It is significant that, in the roof-aging tests conducted as pert of this
Investigation, only in the case of the casein and soms urea—formaldehyde
g8lues had the breakdcwn at the bond progressed gufficlently to meke
strength tests on the roof-aged panels impossible.

Effect of Acidic and Basic Catalysts on Strength of Plywood

The outstanding festure of the experiments in which verious acids and
alkalles were added to the resorcinocl-formaldehyde end phenol-formaldehyde
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resine (figs. 1 to 4) was thelr apperent ebsorption by the resin. Although
relatively large emounts of the catalysts wee added to produce resin so—
lutions of low pH, the resin films ard plywood panels hed rH values con-—
siderably higher than those of their reepective solutions.

The titration curves show that there i1s a definite chemical neutrali—
zation reaction between the phenolic type resins eand acid end alkall, re—
spectively. The amount of acid or acid-generating catalysts added to cure
this type of resinous adhesive st rocm temperatures is generally greater
then the neutral equivalent of the resin. Since this additional acid is
not destroyed or is only loosely bound to the resin, it 1s free to cause
deterloration of the materials in the structure.

The flexural strengths of the uneged parels made with the resorcinol—
formeldehyde resin (table IX) did not undergo a significent decreare with
increasing acidity of the resin solution. However, the oven-fog-aging
conditions brought about e substantial reduction in strength which cor—
related with decrease in pH. Thue, althcugh the pH of ‘the uraged panels
in meny instances appeared to be beyond the critical acid range, the acid
which had been absorbed by the resin was availsble to bring ebout dete—
rioration of the panel under the sging ccnditions (fig. 8). The strong
acids, such as hydrochloric, nitric, and sulfuric ascids, had only slightly
more deteriorating actlion than the weaker types, such as nitranilic and
hypophosphorous acids (fig. 9).

An attempt was made to treat a phencl-formsldehyde resin, Casccphen
LT-67, with the seme eeries of acids used in +he experiments with the
rescreinol-formaldehyde resin. Hcwever, in the presence cf hydrcchloric,
nitrie, sulfuric, phosphcric, and nitranilic acids, the reein precipitated
frcem solutions.

The results obtained with the weaker acids (teble X ard figs. 3, 4,
10, end 11) were ccmparable to those cbtained with these same acids added
to the resorcinol resin. When hypophosphorous acid was added to the res—
in solution in amounts sufficient to lower the pE of the plywocd panel
Prepared with 1t to 2.2, a ccnsiderable decrease in flexural etrength
occurred in the cven—fog-eging tests. A similar effect was observed
with another phenol-formaldshyde resin, Durez 120k1l. It ie noteworthy
that the flexural strengths of the uraged psnels prepared with the phenol-
formaldehyde resins were, in general, elightly higher then those of the
resorcinol-formaldehyde panels.

The Cascophen LT-67 resin was also treated with verious amounte of
sodium hydroxide, a strong base. No evidence of significant deterioration
in strength of the unaged plywocd by relatively large amounts of the al—
kali was noted. However, there was some decrease in strength when the
plywood was expceed to oven-fog—aging condlticns. The decrease in
strength correlated with increase in pE from an initiasl vslue of 6.4 for
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the aged panel without added slkall to 8.2 for the aged panel with the
greatest amcunt of added alkall. Attempts were masds to cure urea—
formaldehyde resin adheslves at high pH velues by the addltlion of alkell
but were unsuccessful.

In general, the results shown in table XI and figures 12 and 13 for
tests made with various commercisl cabalysts and resins show a correlation
between the strength of the plywood and the pH of the unaged panels. The
pH of the resin films prepared with these commercisl resins, using the
recommended emounts of the catalysts, were all less than 2.0 and it was
not possible to predict from these values what the pE of the plywocd panel
would be. This is shown graphically in figure 13; simller graphs cen be
plotted from the other date in table XTI, '

Effect of Aclds and Bases on Wood

The merked decrease in strength of the unaged plywood panels which
resulted generally throughout the experiments reported herein when the
pH of the panels was lowered by acid catalysts indicatved that the wood
wag being attacked by the acids., The data in teble XII and figure 14 in-—
dlcates that both pH and catalyst radical have a part in this breakdown.
Bydrochloric, benzenesulfonic, nitric, end sulfuric acids had the most
pronounced deterlorating effect on the birch wood. Nitranilic and
hypophosphorous acids had considerably less debteriorating action on the
wood. This is particularly evident frcm & comparison of sitrengths for
the blrch veneers treated with the respective acids to produce pH con—
ditions in the range 2.1 to 2.4. A marked decrease in strength occurred
in every came when the pH of the birch vensers was lowered below pH 2.0
by treatment with the respective acide, The wood had a strong buffering
action against alkalies. However, e pronounced decrease in sitrength
occurred when the pH of the wood was raised to 8.8 by absorption of
tetraethanolammonivwm hydroxide.

CONCIUSIONS

The flexural, impact, end shear strengths, both initially and after
agling, of ureas and phenolic resin~bonded birch plywoods are definitely
affected by the pH. In the acid range, the lower the pH of the plywood
panel, the poorer is the strength of the panel and its resistance to
aging. The lower critical pH value, below which cptimum strengths are
not obtained and deterioration upon aging becomes apprecisble, is ap—
proximately 4 for ures resin-bonded plywoods and 3.5 for phenolic resin—
bonded plywoods.
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The decreasc in strength on aging of birch plywocd bonled with a
phenolic resin catalyzed with a streng alkall (sodium hydrcxide) corre-
lated with increasse in pH of the plywood. Ths upper critical pH values,
above which optimum strengths are not cbiunined snd deterileraticn upon
aging becomes apprecisble, sppears tc be in the neighborhcod of 8 for
phenolic resins; the value for urea repin—bended plywoods was not estab~
lished because the regins would not cure st ths high pH values.

The delsminatlion of birch plywoods made with urea—formalishyde resins
1s affected by the pH; .in the ecid range. the lower the pH, the fewer cy-
oles required for delamination to occur., The delamination of birch ply—
voods made with phenolic resin is not affscted by the pH; when the pH l1s
less than 3,1, the materiasls ars not sec flexible as thcse with pH values
of 3.6 or more., In l—year rocf-eging tests delamination occurred only in
the case of plywood bonded with cagein and with uwres—{ommaldehyde reaine
cogtaining acld catelysts which reduced the pE of the uvnaged panel to
3.4 or less.

At & given pH, strong acids, such as hydrochloric, nitric, and
gsulfuric acids; hed only slightly grsater deteriorating action on res—
orcinol-formaldehyds resin-bonded birch plywocd than did the weaker types,
such as hypephosphorous and nitranilic acids.

The pH values of the birch plywoods made with various resics are notb
merkedly changed by moderate heating (L0 hr at 80° ¢), by exposure to
cycles of heat and fog or by exposure outdoors for 1 year.

Both pH and the nature of the acid radical have an effect on the
deterioration of birch wood by acids., At a given pH weak acids have
conslderably less deteriorating action on the wood tnen do strong acids.
A pronounced decrease in strength of birch wood occurred when the pH of
birch wood was raised to 8.8 by ebsorpiion of tetraethanolarmonium
hydroxide.

Netional Bureaun of Standards,
Washington, D. C., August 30, 194¢.



NACA TH No. 1161 15

4.

REFERENCES

Rinker, R. C., Relnhart, F. W., and Kline, G. M.: Effect of pH on
Strength of Resin Bonds. Wartime Rep. W-46 (orginally issued as
HACA ARR, Oct. 1943).

Campbell, W. G.: Chemical PFactors Involved in the Gluing of Wood
with Cold-Setting Urea-Formaldehyde Resins, dJour. Scc., Chem,
Ind., vol. 61, 1942, pp. 161-162.

Campbell, W. G., and Packmen, D. F.: Chemlical Factors Ianvolved in
the Gluing of Wood with Cold-Setting Ures-Formsldehyde Resins.
Second Rep. Effects Induced by Cold-Setting Urea-Formaldehyde
Glues on the Physical Properties of Wood in Wood-Glue Composites.
M.A.P. Sci. Tech., Memo. No. 11/43-F.P. 5, 1943,

Campbell, W. G., and Bryant, S. A.: Chemlical Factors Involved in
the Gluing of Wood with Cold-Setting Urea Formaldehyde (U/F)
Resins. Third Rep. A Consideration of the Causes of the Decline
in Pailing Load of Gav Joints during Prolonged Storags under Con-
trolled Conditions. M.A.P. Sci. Tech. Memo. No. 9/44-F.P. 16,
RIS, 9, 1944,

Wangaard, F. F.: Sumary of Information on the Durebllity of Alr-
craft Glues. Forest Prod. Lab. Rep. No, Mimeo. 1530, May 1944.

Anon.,: Synthetic-Resin Gluss. Forest Prod. Lab. Rep. No. Mimeo.
1336, April 1945 (rev.).

Dowling, Arthur P,: The Significance of pH in Glued Wood Joints.
Naval Alr Mat. Center Rep. No. TED NAM 2583, pt. V, June 21,
1944.



A

91

o,

Commorolal
Desigantion of

Rasin

TANLE I.-DESCRIPTION OF BRSI®S ANO MESTR-BOWDEID BIECH PARELY

Manufaoturer

Urea-Tormaldohyds Rosins

Tfoxmlie &
Oformito &
Ofgrmite ¥
Tlaskoy P01~

num"{ 260-2
Flsskon 1230

Uformlte
Casco §
Wormite &30

Basiwous Praduets snd Chenloal Co.
Reslnons Produats rnd Ohamicel Oq.
Boalnoun Products and Chemical Co.
Flamkon Div,, Libtbey-Dwens-Ford Oloss Co.
Casein Company of imerioy

Flaskon Div,, Libbey-Owene-Ford Olama Co.
Plaskon Div,  Libtbey-Owsns-Ford (lass Co.
Reoinoun Prodncts mi Chestenl 00.

{Uacein Company of Amerion

Raaipne Produsts and Obamienl Co.

Trep=Renoroinol-Forenldshyde Rasins

Flaston 7802

Resinous Produots wnd Ghewical Co,
Flaskon Div,, LibbayOwens-Ford Jlass Cp.

Phanol-~Foroaldehyds Resins

Dures 12041
Threr 11427
Catabond 590
datebond E3) CZ,
Bukallts X0-3931

Bakslite XC-117H9
bord £90

Tagn Tilm
.hgrllta PR-1%

Rosoroinol~Formaldohyde

Panaonlite G-11p%
Durite 8.3026

Dures Plastios acd Chemiosls, Ino,
Durex Flastios apd Chemionls, Ino.
Optelin Gorp.

Catalln Gorp.
Barslite Oorp.

Bakslite Corp.

Oatalin Gorp,

!Iehliu Gurp.

Catalin ﬂur:?

OGasein ny of imerica

md Chemicals, Iaa,

rpe
Resinous Froduwoss and Chewicml Oo.
Rosinous Froduste and Chemical Co,

Reslne

Durac Plastics wd Chemicala, Inc.
venls Ocal Producta Oo.
Bnkt ts Ourp.
Resinote Products and Oheslcal Qe.
Popuaylvania Coal Produwots Oo.
Durlts Flastioe, Inc.

Phenol-Resorcinal-Forsmldahyde Resins

Durex 12533
Furans Hesina
Roain X
Oasgin Clucs

Alveraft Joinu P Olue
Polymerizasion Feslns

Lamiops
Lusinso

Wi

Plaskan 900
en-39

Durez Plasties and Cheuloals, Ima,

Flestios Indwetries Technical Inatiwuts

Oupein Cowpeny of America

Ahmeyiosn Cysnswdd Co.
Amsrican Cysuemid Oo.

YMarco Chemlcal 00.

¥arco Chamical Co

Plaskon Oiv., ubh:--ﬂ-u—hra Olams Co,
Pittsturgh Plste Class o,

DN REAGHRE Yo O

BOSERR

6
&
5

2

51

(lrex R inoludes thoss which

10% Amaonianm Chloride R Boon 00 Q.91
1& . R Foan 8100 0.5%
10% *y* R Rocn 200 (3
2 " R Toow ehid0 .03
5% TAAY R Room 100 1.02
Thoorvorsted rith reein R Rogm 100 D.84
7% B-7 ¥ 018 0.
H ﬁ O:EZ .
¥one bid o: 0.
Yone H 300 0z 1,00
0. ¥ 1 100 Q.
ﬂ mior e N Rna 100, n.z
150 3:00
1| 1 2100 O.E
1 ¥ 1 24100 1.
114 moh].orlo wold (778%) X Hoonm zgigg 0.50
114 Myironhlorioc »old {278%) | ¢ Ilio- !t:% 0,91
3% XX-2097 ] aoo.lz z;:gg 0,50
5% XX-11753 R Room k300 0.8
Beno id 2&1. Q30 0.
Hone H 01 Q.
Nope R 209 o 0.
R 500 2R§ 1o
H—l& ¥ 1 ] C.
1515 5% BO-17545 ¥ ;Eg Tt 8'§
B ﬁ 010 0.5
Immﬂted with resln B 0:12 0.85
F 1dehyde R Ronm A100 Q.81
eI oW R Rees M om
IK=17618 u lgg 2h 00 04
& H s e XY
0m .
;ﬁ jozél R Room 24100 0.86
100% 1255 B ° N 150 24:00 0.9%
x5 Z=14 .1 Roon 24100 1.00
Kone B Foom 00 0.88
1% Benroyl Poroxide R F g: 0 0.63
1
1% Lauroyl Perazida b | gl 0.%1
¥
panaoyl Poroxids " - 1.
g Banzoyl Paraxide N g 2100 1.§
Denrtyl Poraxide Y :1.-3 2100 0.
8 Bauroyl Peroxide " 72:00 1.21
to oure ths resin.
¥ inoludes those whiak Tagquire s towpersturs al
shove 160°F to cure.

2y, The rasias are olaseified uuur%llu to the tempermturs required

oure K1y & room temparsiore

to curs. Claas K includes thoss which Tsonire a tempareture

room temperwtare but not

1.7

12.0

T
A ACEN N

ST st vl P e

4]
7T
1
g
2
0

:
£
[
5.

IRHHE S

w
o

FRiune W o
Qb= S A W B O

H

*
]

ri!.ﬂ'a
- .
n o

"ON N&L VOVN

1911




NACA TN No. 1181
TABLE II.-EFFECT OF THE OVEN-FOG AND SUNLAMP-FOG AGING TESTS (240 HOURS)
ON THE FLEXURAL STRENGTH OF RESIN-BCNDED BIRCH PLYWOOD PANELS

Oven-Fog-Aged Sunlamp-Fog-Aged

Panel Panel
Commercial Unaged Panel Loss Loss
Designation Catalyst lexural Flexural Due to Flexural Due to
of Added to Average Streng Strength Aging Streng Aging
Resin Resin TH - (lb[inE? (1b4;p§3 (%) (lb/lnE? (%)
Baekelite None 4.8 27,600 22,200 19.86 21,900 20.6
XC-11749
do. 45% 3.1 20,500 16,300 18.0 15,300 25.4
XK-11753
Catabond None 3.9 28,100 21,700 22.8 22,100 21.4
590 ’
éo. 11% 1.8 15,600 10,800 30.8 11,00C 29.5
Hydro-
chloric
acid (27.8%)
Uformite None 6.7 23,000 19,100 17.0 18,600 19.1
500
do. 10% 1.5 14,800 7,900 46.6 6,700 54.7
Ammonium
chloride

TABLE III.-CHANGES IN STRENGTH PROPERTIES OF BIROH PLYWOODS CAUSED BY VARIOUS AGINC METHODS

Change for Panels Bonded with
Urea~Formaldehyde Resin
(Uformite 430 with 10% Ammonium

Chloride Catalyst

Change for Panels Bonded with
Phenolic Resin (Tego Fi

Qven-Fog~ oof-Aged Oven~-Fog~ oof-Aged
Oven-Aged Aged 6 months Oven-Aged AEed 6 months
Property (%) %) ) (%) %) (%)

Tensile strength

Panel A 0 + 2 + 7 -14 ~-21 +19

Penel B + 7 + -11 -22 - b =42
Flexural strength

Panel A -6 -1 -7 -15 ~41 -53

Panel B -12 + 3 -5 -16 -51 -72
Secant flexural modulus of elasticity (0 to 2500 1b/in.2)

Panel A4 -25 +12 -2 =15 o] -18

Panel B -1 +17 -1 -25 0 -2
Izod impaot s*rength, flatwise

Panel A +36 +14 -26 -18 -3 -20

Panel B 0 -28 +38 -10 -27 +10
Izod impact strength, edgewise

Panel 4 +17 -7 +17 ~38 -50 + &

Panel B =11 -18 -18 =15 -6 +80
Shear strength

Panel A +11 ~46 -33 -5 -50 -5

Panel B =43 +70 -25 + 5 -38 —

17
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TABLE VII.-LFFEQOT OF CATALYETS AFD pH OF THE DELAMINATION OF RESIN-BONDED BIRCH PLYWOOD

Commercial Catalyss
Designation of Added %o
in Rezin
Urea-Formeldehyds Resins
Uformite h;g 1% Ammoniuwa Chloride
Ufornite ¥ 10§ *z°
Tfomite 4 108 "y
Plaskon 201-2 p
Casoco 5 AL
Plaskon 250-2 I:_;;erponted with resin
Plaskon 107 B-7
Tformite B00 None
Casco 2 ¥one
Ufornile 430 ¥one
Urea~Resorcinol-Formaidehyde Rasins
Uformite Q-107; 0.7% Q=87
Plaskon 700-2 16% Modifier
Phenol~Formaldehyds Rasirs
Durez 12041 b1 29
Durez 11427 b1 22
Catabond 590 11% Hydrochloric ssid {gﬁg;
Catabond 02 1) Ht‘grochlo:lo aold
Bakelite XC-3931 299
Bakelite XC-11749 XK=11753
Catabond ; Nore
Bakelite XC- 9; Hone
Bakelite X0-117k9 Hone
Catabond 200-C2 Xone
Cascophen LT-67 8% 18
Durez 12041 None
Tego Fils Incorporated with resin
Axn'baruta PR-14 Incorporated with rosin
Resorcinol~Formaldehyde Resins
Durez 12490 30% I‘omnldehyde Gm
Penscolite G-1124 25% 0-1124 B

Phenol~Resoroinol-Pormaldshyds Resins
Durez 12533 100% 12534 B
Casein Glues

AMreraft Joint P Glue Hone

Polymerization Resins

Lanminac 1$ Benzoyl Peroxide
Laminac Leuroyl Peroxide
UR-17-A2 Benzoyl Peroxide
MR-17-B1 Bengoyl Peroxide
CR-3 Bangzoyl Peroxide

H of
Clasei-~ Gﬁmd
fication  Pamel.

R 1.9
R 2.3
r 2.k
1 2
r §2
" "
R .

H Z
B .

¥ 1
H £t
¥ 1.8
H 13
i i
R :

3
P
B i

.
E 22
-4 8.4
R 5.8
R 5.1
u 5.1
R 8.
H .

1 28
R 7
R 2
H 2.9

Condi gion of Spacimen

ven-Fog-

un-:t Aged

o1 p{2 (1

HENE - B ¢

D 2 ple D(2

nl2 Dilis D(2
l|3'D.'-;)'(5) 30‘-‘!(5) Y ?r(s)
spl1Yir(s) D(3y 1)
snm;rigg Bl(:ﬂ);l‘(ﬂ st(:!(:.);r(s)

28
55
28
1S9}
23
25
S}

¥D;B ND;B g XD;B
HD;B XD;B ¥D;B
¥D;B XD;B g XD;B
HD;B ¥D;B ¥D;B
¥D;B ND;B ¥D;B 2
¥D;B ND;B D3 B
ND; P HD; ¥ WD;T
.1 11 4 FO;F(5 HD;F
¥D; g RD;F(5 ¥D; F
¥D;? WD} wD;F
3 ¥D; ¥D;B
ID:; g T3 F FD; ¥

|
we
-y
—
n
~
g
we
)
—
(4]
—~
g
U
-
—
(%]
~—

WirE: mig:  mads
E v 4
ND;¥(5) FD;F(5) m;r(5)

WD;¥(5); WD;R(5); wD;F(5)
k- X w

S BT B
s B B

AThe specimene were subjected to 5 oyclea of immersicn
in bollirng water and drying, desoribed on
Flgure in parenthesis refers to cyole in which obser-
vation was made. Abbreviations are as follows:

D = delaminsted

80 & slightly deleminated
HD = no delamination
DR n~ deleminated during expasurs

=
B
F

waxp
briztle
flexible

treatment on roof
ed

2l

8.

o=
Aged

R
R
D(1)

i

ogod
Ut e

[=1-]
~——
o
~—~—

W bt b e b g bt b o o b7

3 333333353838

Y‘, VIURAUR AUN IROTUR IR

ND;B(5)
DR
8D({5);F
8D 2 H 2
SD 5 sF(5
8D(5);r (5
80(5);¥(5



[

a.

TABLE VKII.. IFFECT OF OATALYST AWD ON FLEXURAL, IMPACT, AWD
SHEEAR STRENQTHS

Commereial Catalyst

Dasigantion Added to
_QLQHL —esin
Trea-Formaldehydc
Uformite B

104 *3*
W0

Oaszep %

Phonolio Besins
Catabond 590

Gatabond 200-0%
Bakelite XC-117h9
Bekelite X0-3931

Durex 12081

Ry

DTwn aota (27,80
]1';;5 Ol aoid (27.9%)
1173

"B 2997

108 e

OF RESIN-BOKDED BIROH PLTWOLD

Degrease in Dacreage in
2 g a
Oven- Popg- Roof- Oven~ Fop- Roof-
oot Thaged Aped Aged a Dnaged Aged Aged  Aged

as

h'

‘HPI

oo P
g8
R
ik
U'c'd‘
Wu:
ER31
&3R8
n’d'u"

3 N 0w % vy wm m ®w
PO% % woa ®& B oR B
YoOm m dA B ® @ & %
¥ % ¥ omoRn B % M o
% % % m 3 0m ®» W %
W =z m oL W O% ® omo®m

Docreasa 1n st h for the vmaged, oven=
ovon-Tog-aped, roof-ggnd penocls, rasped valy,
is oalonlatod on the bacis of the strength of the
maged, oven~aged, oven=fog-aged, and yoof-aged
panels, respectively, mado without oatalyst.

Pancls dslamlnated dmring exposure on roof.

Panels containd atalyst or reference uncata—
lysed panels f n tension rather them shear.

o] JESH

°1 &l

e}

Detrease in
g A

0

3

L

ol o) &S5 lggﬁ
a2

19

1%

(-]

Fog- Hoof-

aged  Aged
Panal Fanel
8 B

nan!

o]

°1 ¥l

anul

el

[-]

-]

OR R ¥YOVX

1911




TANE T, TPTECT OF DATALYAT OW FLETSRAL STRENITE OF EIFOR PLYWOOD DOWDED WITH A NISCGAOTROL-TORMALEINYIE RESIN, PXXAOOLITE eun’

i
4
3
§
£

Miisqdl ity Ommm Toe Wt il T, RECTT et LN B R
Catalyst Mded o por 100 g of Penel, .:Et. Solu- Rarin Doaped :__g:l r.‘::l m [h!& g: m (!EJ ey l;:“"!‘ 7 u""ﬂ: 2 ‘;: Zﬂ!‘_ n Frael '_(..;Lﬂ
Yora _ .53 1 73 685 61 55 X 19.100  17,606-:,600 36 19,300 17,907%-70,500 36 11,100  10,200-12,000 b —_— — .0
gpeaciloris sctd y o2 Bou oW OB BN 5:% g:&g: Ok ﬁ:ﬁa}:ﬁ g 2R mLe ¥ A Wi o
s SZE e %.z R I I % I 1 Bemhe % i3en 8ikcisks sk olodtem B B 3D e :ﬁ:g

. b ko hoo-
P s : o on QMY MY ISIEMED IBEENBYOIE BB ¥ Eu om
& 3 g:.:é et b O¥ O3 ol RIR BAwie 0 Brmeinse B0 5o 570 TR 2l g
suitoste aess § e &% MM oM M on Rie dich g i L g B bEAE 8 o :E a1 ag
i o Eg o b o 5 i1 oo momie 0 i a% Umoaoie » I 2ot ::H
. 2 b . 18,600 17,000-20,800 18 17,100- 20,400 . , - o
ﬁ)hrpﬁ:ﬂn-ﬂd k) oo o3 E"'? i.é v E; I ﬁ:ﬁ? é,ﬁglm g ﬂig l:!oD-P:lou g E.g Z.K{i:% ] i %3 36
0 o =} 11 13 3 fs TE  mmm 13, oo 1, st FR I e D # e :g:g 'g:z
N b, 2 16,000-81, 14,800 200-28 o '
Hypophoapiarons weld 2 o at H :.i ve ta Ia 13:% 17.900-20, 100 2 u,x0 ilzgki;% g ﬁ:g izm}g:i‘:; 2% k¥ _;.: g 48
1B o 25 Rl b3RR3l Diow Dsemibe 3% ihaw adsanm 200 CRoardm w44 A7 _;",;; s
. . 3 . 19,80  18,000-20 18, \ "
Bersemeatonto wit b ‘g% e g.g o n 2 i .40 % ma arsio g G S
i3 X ®oom OOOI we Memm S B Ve TRanin X o ke b ;g:g
¥ M. . , n 16,900-0, 5 o, 16,3040, P00 \ Y . -
memewss g WoBOU MG W ou BE UERR §OER UERE §ER JEME 2 4 Ay o
© 8 3 v R ¥ S VA 7o Bk Wmene 16500 1330028900 10,300 53011 w0 o ks 3 RS
Fiyrsnilio add n 0.8 n, . hE m LS. BN lﬂ.g iz.m:n-n.lm g 11-5.'-00 1 .%g S 10,169 9,000-11,600 36 =L %7 g0 '
3 2 By R WikRe % i T R % :ﬁ:g o a0 3
Ssdiom kyimzide o 1.08 ¥.3 WG 1L G2 25 __ 19,200 16,90-71,800 X 15,000 14,300-18,000 . e _ o5 g -::.':

& A1 panals powpared by praselsg at 150°F for 2k howrs, using metsl bere ta oomiwol shidknews:

b, Mgl trength for ths wh ol oven-fop-aged peaale, resegtlively, is calevlatad o
the h:'t: :! thontt::-m ol :{:‘wd ol oven-fog-rged 1':0-011. nnnhnlr. nads witheot
atalyst,

¢y Cwenge in atrength calewleted o te badits of the sirsngth of ibe maagsd panel.

Lk 4455 BEEE D)
"ON NI YOVN

4
v

1911

AT

$Eib SkiL

[

Kbk Bhgk B

|



Satalmat _foaad ta Fesia
CICO0PNTY WP-57 AD .23

Sodiva bydse xide

Trisslosepantis achd
Benssramulfenle acit
Nypephosaheroas said

oW 1P25W1

Foae
Ryyapbesyhorous paid

. ¥e

Baz ars vsz u¥dE |

Baxl

WBEECH XN3 W wWNN ANMWE

TALE L. TFIECT OF ALXALY AWO ACIDS O FECHCLIC RENTE-BONDED PLYWOM™

—M —

4

prearmr Ry v P R A R gt

r

This resin werld sk mxe Mith datalyst XE-LITRD b L06TP,

SEnse o TG

;I::mm-:nmuqmmuu-m-rh-u

TR — B ' ——— T T z
LAY AN oo Mk Ml h i BB _GvBa N GRD _GORs e Bah e, e

[ 5] &5 LT &7 [N} k21 £2,100  18,700-7%,000 36 2,000 » 11, 700-15,000
3. Il 12.2 ‘o L2 7 M0 ) 0 1(!00 11 31
X iy LG & Mo ey i 1800 g 13, oo
& ‘&5 e & S SO Y S E-4 E:%%:% m’E by g 1%:&"&5:38
|5 . . . LS 7,060 18, 3, L0 22,200 1 1
&g 3*2 33 Ei F i3 e %‘s‘:ﬁgﬂ:& 3 ﬁ.% § ugﬁsﬁ
0. [4 6 n 15,000-M,%00  ha 21,300 Lp —_—
ioH HH @ B IELE N OBE B ¥ =
a [ N [ %3 ,E00 8, 2,100 ag N Ay —
B8 HHE IEEEEEY IRIEAB =
b [ S v T naY Blrim i R D i — —
Mo HEE EUREY BMEEEE = =
. ﬁlmmhg'mrmnmzuum,-h
e in strs for the oven-fog-aged, snd rocf-aped
LS e RS
[ :;;T:‘uﬂ-m-hdnhwuum-thdn
TOLE XI.- TEf TTYEOT CF VANYIIY MONIY AFD  TALYDT O TAR FLOADNAL STAMMaTN OF MWL REBTE-ROTICY 3DWN FLYBOOD
Comditiond
oo w5 nir B E %%%ﬂ
B ey el TBT Eﬁf Y R woh -~
00 Fg: :.-ﬂ ® t .il L] ﬂégg nmm 1 nsoo ul &:ﬂ,gg
B8 B o5 HR ol IR B B :
B W ORouEYE IEEEEY O VEEE § 3E i3S I
mcs Mlto 1,02 3] L2 Lé 20 Jo0 W10 16,700-19,20 16 12,60 11,000-14,000 s.m.m %
L35 0. P . ﬂ. l?, . -
wof8 B O3 HE HU BBIRIE Y 1>§m:§§.g g 8
nodn ¥ OBy o %}l phEmEm ¥ B i:}&‘%:ﬁ: h
BB 8 § g ¢ solESE § 8 e i

PHE 1 R Was %

11t

R ¢
i -;;Ié e

~ILE -3k

41 a1l

G 3 =
+9 ——

ﬁ

1aaiaa;lgf|ﬁ{
WP
i

el Bal kbl ksl BEEY

ksl Rl & Ll el R

L LT

Fl

‘O ML VOVK

5

A
1911

o}

o,

B
3l bbb bbbk

¥




—_—Oatalvst
Hydzochloric acid

Nitric acid

Bulfuric acid

Phosphoric acld

Rypophosphorous acid

Bengenesulfonic acid

Trichlorocacetio acid

Hitranilic aoid

Sodium hydroxide

Tetraethanol

amronium
hydroxide

NACA TN No.

1161

TABLE ZIL-EFFEC? OF CATALYSTS ON FLEXURAL STRENGTH OF BIRCH VEINTERS >

Hormality
of

1.0

0.1

0.01
Wetar
Untreated

1.0

0.1

0.01
Yater
Untrested

1.0

0.1

0.01
Yater
Untreatesd

2
0.03
Water
Untreated

1.0

0.1

0.01
Water
Untreated

1.0

0.1

0.01
Hater
Untreated

Untreatead

1.0

0.2

0.02
Water
Untreated

0.1

0.01
Water
Untreated

0.4

0.22
Weter
Untreated

olusion
After
Original Yood Ground
Solution Seod
.12 0.0 1.
1.1 1.¥3 Ez
2.0 ;% 8
woo a * z:o
0.1 0.&1 1.6
1.1 1. 2.4
2.0 g.l; k.2
- SO
0. [+18 1.
1.33 1.2“ E.E
2. 1.1 4.9
5- 5.5 5.4
wood 5.5
0.8 0.88 1.8
5.5 &8 glu
wood 5
0.6 0.72 1.
SR v S
I R
wood ' K9
0.1 0.18 1.1
%% E.E 2.%
. X .0
woog > 5.9
0. 3.56 1.
1.% J..; 2.E
2.1 2.7 h,2
5.9 5.0 5.2
wood 5.3
o.ke 0.80 i.8
1.0 1.6 2.4
1.9 2.% 3.§
moo:sl.'5 > ?:s
12. 10.2 «0
12.(9) 6.0 Z.E
5.8 5.0 5
wood 5.7
12.4 11.7 .85
12.1 8.8 7.1
5.6 5.0 5.1
4 5.5

Woo

Flexursl Strenxth
¥o. of Loss in
Averags Range Speci- 8trengthb
2 8 t3
~Kense.

»800 8,600-12,800 10 Ze.z
X .goo 13,000-16.;00 12 1;
18,100 18&,800-1%,%00 12 11.
1!,;00 1;1.100-20,000 12 &,
20,500 19,100-22, 700 12 -—
12, 10, 400-13, 800 12 2.0
17.2% 16,100-1%,400 12 19.;

400 1#,900-22, 700 12 3.
20,700 18,900-22, 200 12 2.4
21, 19,100-22,900 12 e
12, 10,700-13,400 12 38.2
12.2% 14, 700-17, 700 12 17.6
19,200 17,800-20,800 12 3.5
19,300 18,500-20,500 12 3.0
19,570 18,3500-21,600 12 -
15,000 12,200—16,700 12 ag.o
1%,000 15,600-19,200 12 1.0
18,600 15,600=-20,100 12 7.0
15.3& 15,800-20, 500 12 9.2
20, 17,600-23,400 12 -—
14,700 12,900~16,900 12 28.3
19,300 17,400-20,400 12 5.9
19,500 15,900-20, 700 12 2.2
19, 800 1%,100-20, 300 12 3.
20,500 19,500-22,200 12 -
10,400 9,600-11,300 12 49.0
16,100 12.900—17.800 12 21.1
18,900 158,%00-20, 12 7.4
1%, 300 17,300-21, 12 7.8

100 1%,300-22,700 12 —_
14,000 12,400-15,100 12 27.
17,100 1 ,600-13,&00 12 11&
17,300 1%,400-19,100 12 10.4
15,200 15,500-20, 200 12 5.7
19,300 17, 21,400 12 -—
16,600 15,500-17, 800 12 19.%
14,300 12,200—19,288 12 8.7
1s,m 18,100-20, 12 8.2
19, 17, 700-20,000 i2 5.5
20,600 19,700-21, 200 12 -
20,200 18,700-22, 300 12 6.0
20,100 '17,900-22, 12 6.5
20,100 1%, 800-21, 700 12 6.5
21,500 20,700-22, 12 -—
16,300 12,800-17,900 12 20.1
19,000 17,700-21,100 12 6.9

’ [} r 1.
20,100 1%,200-21,300 12 5
20,400 1%,900-22, 500 12 -—

A birch veneer of O.l-inch thickness was cut irto the required number of
The spsoimens for immer-
sion in eech concentration of the catalyst for 3 days were selected 50 2§

specimens for treatrment with a single catalyst.
to be representatlive of the whole veneer.

Two similar sets of svecimens

from the @ame veneer were tested untreated end after lmmersion in disctilled
water for 3 days, respectively.

The percentage loes in flexural strength 1s calculated on the basis of the
strength of the untreated wood from the ssme veneer.
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NACA TN No. 1181 Fig. 3
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Figure 3.~ Titration of phenol and resorcinol resins with sodium hydroxide.
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Flexural strength, 1bv/inZ

NACA TN No. 1161
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Figure 5.- Effect of pH on flexural strength of birch plywood
bonded with urea-formuldehyde resins.




Fig. 6 NACA TN No. 118l
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Figure 6,.- Effect of pH on impact strength of biroh plywood
bonded with urea-formaldehyds resins.




NACA TN No. 1161 Fig. 7

$00
10 9
7 o) 8
800 }= ‘H—qlo =
8
o7 80
700 sX 6 . -
OA7
3
~ fe
g eo0 % 1
> (<] a8
-
34
- / -+
g 500 +
2 20 3 “ '4‘
g 8 Resin Cutulyst
t . 1. Uformite 430  10% NH,Cl
g 400 2¥— ‘ 2. Uformite 430  10% ngh
& 3. Uformite 430 10% "y
2 4. Pluskon 20l-2 2% "A"
5. Cusco 5 556 "AA™
300 6. Plaskon 250-2 Incorporated
. 7. Plaskon 107 74 B=7
8, Ufornite 500 None
1 9. Casco & None
200 10. Uformite 430 None
J O Unaged Panel
1 X Oven-Aged Penel
100 & Oven-Fog-Aged Panel
= Roof-Aged Penel
9.‘ +'l +5
0 1 2 3 4 5 6

pH of unaged panel

Figure 7.- Effect of pH on shear strength of birch plywood
bonded with urea-formaldehyde Tesins.
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NACA TN No. 11861
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Figure 9.~ Effect of various acld catalysts on flexural strength of oven-
fog-aged birch plywood bonded with Fenecolite G-1131,



Change in strength due to aging, ¥

Fig. 10

NACA TN No. 1161

pH of unaged panel

+10
1]
L]
2 %
[ /\
2
8
[o]
&
=1
-2
0. No Acld or Base
1. Sodium Hydroxide
2. Trichloroacetio Acld
8. DBenezenesulfonlo Acid
4. Hypophosphorus Acld
-30
=40
-50
0 4 5 6 ? 8

Figure 10.- Effeoct of oven-fog-aging on flexural strength of birech plywcod
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NACA TN No. 1181 Fig. 11
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Figure 1l.- Effect of varicus catalysts on flexural strength of oven-
fog-aged birch plywood bonded with Cascophen LT-67,




NACA TN No. 1161

Fig. 11
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Figure 1ll.~ Effect of various catalysts on flexural atrength of oven-
fog-aged birch plywood bonded with Cascophen LT-67.
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Figure 12.- Effect of varlous catalycis on flexural strength of birch plywond honded with phenolic resins.
(Fumber above each coluamn indicates pH value of wnaged pansl. )
=M
X L] L

2T ‘3L

"ON NI VOYN

. Tott



NACA TN No. 1161

Change in flexural strength, %

Fig. 13

+10,
1l 1l
0
-10
-20
-30
2 2
o
~-40 T
Resin
1. Durez 12041
2, Bakelite XC-11749
3. Bakelite XC~3931
. QOriim pE
-850 U ad
3 3
¢
)
5 6
1 2 %H 4

Figure 13.- Bffect of catalyst (3.2% XK-2997) on flexural strength

of oven-fog-aged birch plywood bonded with various

phenolic resins.
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Figure l4.- Effect of various acids on flexural strength of birch wood.
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